Optically bright Galactic stars (V 13 mag) having f ν (24 µm) > 1 mJy are identified in Spitzer mid-infrared surveys within 8.2 deg 2 for the Boötes field of the NOAO Deep Wide-Field Survey and within 5.5 deg 2 for the First Look Survey (FLS). 128 stars are identified in Boötes and 140 in the FLS, and their photometry is given. (K-[24]) colors are determined using K magnitudes from the 2MASS survey for all stars in order to search for excess 24 µm luminosity compared to that arising from the stellar photosphere. Of the combined sample of 268 stars, 141 are of spectral types F, G, or K, and 17 of these 141 stars have 24 µm excesses with (K-[24]) > 0.2 mag. Using limits on absolute magnitude derived from proper motions, at least 8 of the FGK stars with excesses are main sequence stars, and estimates derived from the distribution of apparent magnitudes indicate that all 17 are main sequence stars. These estimates lead to the conclusion that between 9% and 17% of the main sequence FGK field stars in these samples have 24 µm infrared excesses. This result is statistically similar to the fraction of stars with debris disks found among previous Spitzer targeted observations of much brighter, main sequence field stars.
Introduction
The sensitivity and efficiency of the Spitzer Space Telescope (Spitzer) have enabled numerous wide-area surveys with the Multiband Imaging Photometer for Spitzer (MIPS, Rieke et al. 2004 ) to seek mid infrared sources with f ν (24 µm) > 0.3 mJy. Such objects are often unusually bright in the mid infrared compared to other spectral regions. At high Galactic latitudes, these surveys include the NOAO Deep Wide Field Survey (NDWFS) in Boötes (Jannuzi and Dey 1999; Houck et al. 2005; Brand et al. 2006) , the Spitzer Widearea Infrared Extragalactic Survey (SWIRE, Lonsdale et al. 2003 , and the Spitzer First Look Survey (FLS, Fadda et al. 2006) . To date, these surveys have been used only to locate unusual extragalactic sources, primarily dusty star forming galaxies and active galactic nuclei of very high luminosity (e.g. Weedman et al. 2006c; Yan et al. 2007; Houck et al. 2007; Weedman and Houck 2008) .
These surveys also include numerous bright, Galactic stars. It is known from targeted observations with Spitzer that some stars have mid-infrared excesses at 24 µm, usually attributed to circumstellar dust arising in debris disks (Gorlova et al. 2006; Bryden et al. 2006; Rieke et al. 2005; Su et al. 2006; Meyer et al. 2008) . By using similar criteria for defining infrared excess as in these previous targeted studies, it is possible to use the wide area Spitzer surveys to produce unbiased lists of stars with infrared excesses. The high latitude surveys are especially useful, because they minimize confusion with other Galactic stars and are in regions chosen to have low zodiacal background.
In the present paper, we identify and discuss the characteristics of Galactic stars in the Boötes and FLS survey areas (the first two surveys for which we had access to complete and reliable catalogs), giving in total a flux limited sample of Galactic stars within an area of ∼ 14 deg 2 . We list all stellar sources (128 in Bootes and 140 in the FLS) with r < 17 mag. and f ν (24 µm) > 1 mJy. Among these stars, we identify those which have excess f ν (24 µm) compared to that expected from a stellar photosphere.
For comparison to the f ν (24 µm), we utilize available J, H, K photometry from the Two Micron All Sky Survey (2MASS, Skrutskie et al. 2006) . (In this paper, we use K to mean the 2MASS K s magnitude.) As a criterion for excess, we use the (K- [24] ) color, as in Gorlova et al (2004) and Gorlova et al. (2006) , and use previous targeted studies to compare the (K-[24] ) colors with those for our samples. Images and r band photometry from the Sloan Digital Sky Survey (SDSS, Gunn et al. 1998 , Adelman-McCarthy et al. 2008 ) are used to define the optical magnitudes; proper motions and V photometry from the Tycho mission (Hog et al 2000) , and spectral classifications from the Digitized First Byurakan Survey (DFBS, Mickaelian et al. 2007 1 ) are also used to aid in estimating the luminosity classes of the stars. Images from the Digitized Sky Survey (DSS) are also used in determining the morphological classification of sources (stars or galaxies) 2 .
Observations

Boötes and FLS Surveys
The Boötes MIPS survey was obtained for the 8.2 deg 2 within the Boötes field of the NOAO Deep Wide-Field Survey. This survey was done as part of Spitzer Guaranteed Time Observations by J. Houck and M. Rieke, and a catalog of 24 µm sources (not yet published) was produced by E. Le Floc'h. The MIPS survey had an effective integration time at 24 µm of ∼ 90 s per sky pixel, reaching a 5 σ detection limit of ∼ 0.3 mJy for unresolved sources. The FLS has similar integration times and detection limits for the full survey within 5.5 deg 2 (Fadda et al. 2006) . Uncertainties are quoted in the FLS catalog for each source; for sources with f ν (24 µm) 1 mJy, 5 σ uncertainties range from 0.15 mJy to 0.3 mJy.
For the present study, we restrict our analysis to sources in Boötes and the FLS having f ν (24 µm) > 1 mJy to assure that the infrared detections are of high precision, with S/N > 15. The 5 σ positional uncertainty for unresolved sources with these flux densities is 2.0 ′′ , based on comparisons of 24 µm sources with unambiguous optical identifications.
The Boötes and FLS surveys use much deeper MIPS observations than in the targeted studies of bright stars distributed over the sky such as in Bryden et al. (2006) and Meyer et al. (2008) . The optical/near-infrared magnitudes and the f ν (24 µm) of these targeted field stars are much brighter than for the Boötes and FLS stars. For example, the average J magnitude of the stars in Bryden et al. (2006) is 4.42, whereas for the stars in Boötes and the FLS is 9.13, a factor of 77 fainter.
Despite the fact that we are observing much fainter stars than the targeted studies, we are sensitive to a similar fraction of infrared excess above the expected photospheric emission. This is because our 24 µm observations reach fainter relative to the expected photospheric emission than do the 24 µm observations for the targeted field stars. For example, the average photospheric emission at 24 µm for the Bryden et al. sample is 260 mJy, and the criterion for excess in that sample was an excess of 20% compared to the flux density expected from the photosphere. Stars in our sample, being a factor of 77 fainter, should have average photospheric emission at 24 µm of 3.4 mJy. The 3σ flux density uncertainties for our detections are 0.2 mJy, which means that we could detect infrared excesses 10% of the expected photospheric emission.
Identification of Stars in Boötes and FLS Fields
In order to identify bright Galactic stars, our objective was to identify all opticallyunresolved sources with SDSS r < 17 and f ν (24 µm) > 1 mJy in the Boötes and FLS surveys. The optical magnitude limit is chosen to assure that sources are sufficiently bright that they are Galactic stars rather than extragalactic quasars. (One known quasar was rediscovered, and has been excluded from the list.) The requirement that sources be optically unresolved is to assure that we are not selecting galaxies.
To identify bright stars, we first generated lists of Spitzer 24 µm sources which are identified with optical sources in the survey catalogs, using as the criterion for identification that coordinates agree to within 2.0 ′′ in the merged infrared/optical catalogs. Our initial criteria for identifying sources optically used R mag. because these are the magnitudes given in the merged catalogs. The NDWFS and FLS surveys are designed primarily for the identification of very faint optical sources, to R ∼ 26 mag., and the positional identification criterion works well for faint, unresolved sources. Brighter, resolved galaxies and stars brighter than R ∼ 16 may not be reliably identified in this way because of such problems as saturation of the source image or complex image structure. It is sometimes difficult, for example, to determine if saturated sources in the optical survey images are stars or galaxies.
The best way to assure that all optically bright sources have been identified is to examine individually the location of each 24 µm source which does not have an optical counterpart in the merged catalog in order to determine if the absence of a counterpart is because the optical source is too faint, or because it is too bright and too large on the images for an accurate position. To assure a complete list of bright stars, it is also necessary to examine individually all sources with listed counterpart magnitudes R < 17 to verify if these sources are stars or galaxies. The magnitude cutoff of R < 17 is chosen to assure that all bright Galactic stars are included but to exclude extragalactic quasars and unresolved galaxies which appear in increasing numbers for R > 17.
Even though R magnitudes had to be used to define the initial search for sources, because these are the magnitudes tabulated in the catalogs, R photometry in the Boötes and FLS surveys is unreliable for many of the brighter stars (R 15) because the images are saturated. In order to have consistent and reliable magnitudes over the full range of magnitudes selected, our final tabulation of sources uses SDSS r mag. Inclusion of a source in our final list as a Galactic star (which we also call "stellar" objects below) requires SDSS r < 17, requires that the source be unresolved in optical images, and requires that the source not be included in any existing list of quasars.
In the Boötes survey area, there are 2853 sources with f ν (24 µm) > 1 mJy. Of these, 308 sources have no optical counterpart in the merged catalog within 2.0 ′′ , and 281 sources have a counterpart identified which has R < 17. We used several steps to identify and classify these 589 sources. In the first step, DSS1 and DSS2 red and blue images were examined to classify the objects morphologically. Sources were also examined on the SDSS images 3 for confirmation of the classification and to obtain SDSS r magnitudes. Unresolved sources are readily separated from galaxies in these optical images because of the presence of diffraction spikes for unresolved sources.
Of the 589 sources within Boötes selected for initial examination of their images, 439 were found to be galaxies bright enough for classification on either DSS or SDSS images, 16 were found to be sources too faint for classification on the DSS or SDSS (r >> 17), 6 were optically unresolved objects with r > 17, and 128 were optically unresolved objects with r < 17 which are not known quasars. These 128 sources are listed in Table 1 as Galactic stars. Despite using the r < 17 criterion for inclusion in the sample, all stars in Table 1 are actually r < 16. This is simply an empirical result; there are no stellar sources in the survey with 16.0 < r < 17.0, which confirms that our criterion of r < 17 is a relaxed criterion that assures inclusion of all bright Galactic stars.
The FLS survey catalog lists f ν (24 µm) and R magnitudes for sources. We used a similar strategy as in Boötes to examine all sources which could be bright stars. All sources in the catalog having f ν (24 µm) > 1 mJy and with listed R < 17 or having no entry for R were examined individually on DSS and SDSS images to determine if they are bright Galactic stars, or galaxies. In the FLS area, there are 213 sources having f ν (24 µm) > 1 mJy with an optical counterpart R < 17 and 87 sources with no optical counterpart. Of these 300 sources, 140 satisfy the criteria described above for being classified as Galactic stars. As for Boötes, our final selection of sources uses SDSS r < 17 mag. to provide consistent photometry which extends to brighter stars. The 140 stellar sources in the FLS are listed in Table 2 . Despite using the r < 17 criterion for inclusion in the sample, all stars are actually brighter; r < 15.5 for the FLS stars.
Determination of 24 µm Excesses
The objective of our study is to identify excess infrared continuum emission which exceeds that expected from the stellar photosphere. Determining the spectral energy distribution (SED) and temperature distribution of the material producing the infrared excess requires detailed modeling of the stellar atmospheres and subsequent measures of the deviations from such a model at various wavelengths (e.g. Bryden et al. 2006; Meyer et al. 2006 Meyer et al. , 2008 .
If the objective is only to identify stars with infrared excesses without determining in detail the spectrum of the excess, this identification can be done in a straightforward, empirical way with limited photometry. As shown in Gorlova et al (2004) , the identification of excesses can be done with confidence simply by comparing near-infrared photometry (J, H, K) with the f ν (24 µm).
This method for determining 24 µm excesses in stars compares colors J-K with colors K- [24] ; magnitude at 24 µm is defined as [24] with zero magnitude of the MIPS f ν (24 µm) corresponding to 7300 mJy (Gorlova et al 2004) . As pointed out by Gorlova et al., this method works because pure photospheric emission leads to K-[24] = 0, virtually independent of spectral type through type K. This constant color arises because both the K and [24] bands are on the Rayleigh-Jeans tail of the spectral energy distribution so that the K-[24] color for stars hotter than type M has little dependence on stellar temperature. Gorlova et al (2004) define stars with 24 µm excesses as those having a > 3σ excess at 24 µm compared to the f ν (24 µm) expected from the photosphere, with the value of σ determined from the uncertainties of the 2MASS and MIPS photometry. With these uncertainties, stars with (K-[24]) > 0.2 mag can be identified as stars with probable excesses. The observations and stellar models in Gautier et al. (2007) demonstrate, however, that M stars are sufficiently cool that they can show colors (K-[24]) > 0.2 from photospheric continuum alone. Although we identify such M stars in the following analysis, we do not include them as sources with real 24 µm excesses.
The validity of this simple criterion can be tested using the stars identified in Bryden et al. (2006) and Meyer et al. (2008) as having excesses at 24 µm arising from debris disks, as determined from comparison of f ν (24 µm) to the photospheric f ν (24 µm) expected from flux densities at other wavelengths. Bryden et al. (2006) use multiwavelength fits of the SEDs from stellar models for 69 stars to determine excesses at 24 µm and 70 µm . Meyer et al. (2006 Meyer et al. ( , 2008 and Carpenter et al. (2008 Carpenter et al. ( , 2009 ) use stellar models to compare f ν (24 µm) with the expected values from photospheric emission for 328 stars and list 30 stars which show excesses at 24 µm but no excesses at 8 µm. For all of the stars listed in Bryden et al. (2006) and Meyer et al. (2008) , we have taken the archival 2MASS data and compared to the 24 µm data in these papers. Tables 1 and 2 . The most extreme is source 107 in Boötes, but this is a known variable star (Akerloff et al. 2000) , so the observed excess may arise because the K was different when [24] was measured than the K at the 2MASS observing epoch. In principle, variability could account for the apparent excess found in any star, but this is the only star with identified excess which is a known variable. If variability does explain apparent 24 µm excesses, we would expect a similar number of variable stars which show apparent 24 µm "deficiencies" (i.e. K-[24] < -0.2 mag.). Of the total sample of 266 Boötes and FLS stars in Figure 1 , only two show 24 µm deficiencies; this implies statistically that most of the observed excesses are real and not caused by source variability.
Not counting the variable source 107, there remain 12 stars in Boötes and 13 in the FLS with 0.2 < (K-[24]) < 0.7. These are the stars which we identify as candidates for having real infrared excesses at 24 µm and discuss further below in section 3.
Except for the measurement uncertainty, there is only one other source of uncertainty regarding the reality of the measured excesses. This is the question of whether the observed 24 µm excess might arise from a faint, background galaxy which produces some of the f ν (24 µm) but is not visible in optical or 2MASS images because of the bright star. For the 26 stars with excesses, a comparison of the 24 µm coordinates with the 2MASS coordinates yields a median difference of 0.7 ′′ between coordinates. This means that any extragalactic source which confuses the f ν (24 µm) has to be located precisely at the stellar position and not simply somewhere within the ∼ 5 ′′ beam size of the MIPS survey camera.
The probability of such a coincidence by chance is extremely small. We estimate this using the principle that a random source producing the apparent excess should have a minimum f ν (24 µm) which is 20% of the photospheric f ν (24 µm) (in order to produce an apparent K-[24] excess of 0.2 mag.). The faintest sources, f ν (24 µm) ∼ 1 mJy, are most susceptible to such confusion, so we determine the probability that a faint source of f ν (24 µm) > 0.2 mJy is randomly located within ∼ 1 ′′ of a given position. To f ν (24 µm) = 0.2 mJy, there are et al. 2004) , so the probability of having a random source within an area of 1 ′′ radius is 1.4x10 −3 . For a 5 mJy star, requiring coincidental excess of 1 mJy, the probability of a 1 mJy random source is 8x10 −5 using our observed source density in Boötes of 350 sources deg −2 to 1 mJy.
Discussion
Spectroscopic Classifications
Previous targeted observations using Spitzer have enabled extensive studies of circumstellar material associated with a wide variety of stars. Objectives range from probing the formation and evolution of planetary systems (FEPS, e.g. Meyer et al. 2006 ) to understanding dust formation in evolved stars (e.g. Matsuura et al. 2007) . A primary goal of the FEPS studies is to determine the frequency and nature of debris disks surrounding stars similar in luminosity and age to the sun in order to place our solar system in context of other similar stars. Knowledge regarding the luminosity of such disks is also crucial in planning eventual efforts to image terrestrial planets because bright zodiacal emission associated with a planetary system is a fundamental limitation to such imaging (Beichman et al. 2006 ).
Our observations were not designed to target any particular type of star but only to give an unbiased survey of 24 µm excesses. We are seeking primarily a statistical result that applies to a sample of field stars chosen without any prior knowledge of their stellar characteristics. Explaining the individual origins of these infrared excesses requires more information for each star. It is especially crucial to know which stars are main sequence stars, because giants with excesses can be explained by dust having been produced and ejected in the extended stellar atmosphere.
For determining the spectral classification of sources in Boötes, we initially utilized the DFBS, a low resolution objective prism survey of the sky originally used primarily to discover Markarian galaxies. (The FLS field is not currently included within the DFBS.) These classifications provided the initial indication that the great majority of these stars are of F,G, and K spectral types.
The DFBS cannot provide luminosity classifications, and the stars in Tables 1 and  2 are not sufficiently bright that other spectroscopic classifications have been made. At present, our only way to estimate which stars are main sequence is to use available data on proper motions to estimate luminosity limits. The proper motion data are from the Tycho-2 catalog (Hog et al 2000) (when available) or US Naval Observatory-B1.0 catalog (Monet et al. 2003) . Our estimate uses 50 km/s as an upper limit for v t to calculate the maximum distances and upper limits for luminosity. For example, a star with proper motion of 100 mas/yr should be at a distance less than 100 pc; for apparent m v = 15, this requires absolute magnitude M v > 10.0. Any star with M v > 4 determined with this limit is assigned as main sequence (luminosity class V in Tables 1 and 2 .) This is a relaxed limit because v t may be smaller than the limit used, so many stars without an assignment to class V may also be main sequence stars.
We also include in Tables 1 and 2 the optical V magnitudes from the Tycho catalog or, as noted in the Tables, from the Hubble Space Telescope Guide Star Catalog, v. 2.3.2 (McLean et al. 2000) for the minority of stars not having Tycho measurements. Using the V magnitudes allows a consistent spectral classification for both Boötes and FLS fields, by assigning a spectral class using the V -K colors of the stars compared to the relation between this color and spectral type.
We have determined an empirical transformation between (V -K) and spectral type using the stars in Gorlova et al. (2006) and Carpenter et al. (2009) together with the M stars in Gautier et al. (2007) . This transformation is shown in Figure 2 . Spectral subclasses are not used after M0 because the relation is not well-calibrated; stars redder than (V -K) > 4.5 are listed in the Tables only as M stars.
As discussed in section 2.3, we use the criterion (K-[24]) > 0.2 mag to select those stars with excess luminosity at 24 µm compared to the luminosity arising from the stellar photosphere. Gautier et al. (2007) 
Fraction of FGK Main Sequence Stars with 24 µm Excesses
In Figure 3 for Boötes stars and in Figure 4 for FLS stars, we show the distributions of (V -K) for the stars in Tables 1 and 2 and identify those 26 stars with excesses which are shown in Figure 1 . From the colors shown in Figures 3 and 4 , we reject any M star with (V -K) > 4.0 as having a real excess of luminosity above the photospheric luminosity. This removes 4 stars from Boötes (stars 39, 76, 119, and 125 in Table 1 ) and 4 stars from the FLS (stars 55, 84, 89, and 136 in Table 2 ) from the list of stars whose (K-[24] ) color can be taken as evidence of a real 24 µm excess. The remaining 18 stars with excesses (K-[24]) > 0.2 are all F, G, or K stars. One of these 18 is a known variable star, source 107 in Table 1 , so we do not include it as a candidate for a real excess. We discuss only the remaining 17 stars and refer to these as the FGK stars with excesses.
The upper limits on luminosities estimated from proper motions yield a lower limit for the number of FGK main sequence stars in Boötes and the FLS because other stars could also be main sequence stars without large proper motions. This limit is 92 FGK main sequence stars in the combined samples in Tables 1 and 2 . Of the 17 FGK stars identified with 24 µm excesses, 8 of the 17 are main sequence based only on this limited criterion of proper motion, which gives a total fraction 8/92 (9%) of main sequence FGK stars which have excesses.
An independent estimate for which stars are main sequence stars derives by considering the magnitudes of the stars, as giants would be expected to appear systematically brighter. This comparison is shown in Figures 3 and 4 All of the 17 FGK stars identified with 24 µm excesses in Boötes and the FLS fall on the lower envelope of V mag. in Figures 3 and 4 , implying that all 17 are main sequence stars; only 8 of these 17 are classified as main sequence stars in Tables 1 and 2 as determined from proper motions. Adding these additional 9 FGK main sequence stars to the total of 92 FGK main sequence stars determined from proper motions yields a lower limit to the total number of FGK main sequence stars in the combined samples of Tables 1 and 2 of 101, of which 17 have 24 µm excesses. The upper limit to the number of FGK main sequence stars is the entire sample of 141 FGK stars in Tables 1 and 2 . These results for estimating the main sequence stars based only on apparent magnitudes, therefore, yield limits to the fraction of main sequence stars with 24 µm excesses as somewhere between 17/141 (12%) and 17/101 (17%).
Combining these limits derived from apparent magnitudes with the fraction of 9% determined above using only proper motions, we can conclude that the fraction of main sequence FGK field stars with 24 µm excesses determined from comparison of 2MASS near-infrared and Spitzer mid-infrared continuum flux densities is between 9% and 17%. These results are similar to the 10% fraction of main sequence stars identified with excesses from debris disks by Meyer et al. (2008) and the 15% fraction by Carpenter et al. (2008) , so it is reasonable to conclude that most of the excesses we have identified arise from debris disks in main sequence stars.
Summary and Conclusions
Surveys at high galactic latitude at 24 µm with the Spitzer MIPS instrument are used in a serendipitous study of bright Galactic stars with detections at 24 µm. 268 stars with V 13 mag. and f ν (24 µm) > 1 mJy are identified within 14 deg 2 of the combined NDWFS Boötes field and FLS field. Using a comparison with J, H, and K magnitudes from the 2MASS survey, it is found that 17 FGK stars have excesses 0.2 < (K-[24]) < 0.7 compared to the expected (K-[24]) = 0.0 for stellar photospheres; i.e. the luminosity observed in the mid-infrared at 24 µm exceeds the photospheric luminosity by at least 20%.
For main sequence stars, such excesses are attributed primarily to debris disks. At least 8 of the 17 FGK stars with excesses are identified as main sequence stars based on proper motions; all 17 would be estimated as main sequence stars based only on distributions of apparent magnitude. Depending on how many stars in the total sample really are main sequence stars, the fraction of main sequence field stars with excess luminosity at 24 µm in Boötes and the FLS is between 9% and 17%. These results are comparable to the 7% fraction for 69 bright FGK main sequence field stars in Bryden et al. (2006) with 24 µm excess, to the 9% fraction of 53 Pleiades FGK stars with excesses in Gorlova et al. (2006) , to the 10% fraction of solar-like stars with excesses in Meyer et al. (2008) , and the 15% fraction in Carpenter et al. (2008) .
Within the uncertainties of the small number statistics, therefore, the Boötes and FLS surveys of Galactic stars find a similar fraction of main sequence stars with mid-infrared excesses as found among brighter, targeted field stars. At present, however, a more quantitative result for Boötes and FLS stars requires additional observations. None of these stars have distance determinations through parallax measurements; the existing spectral classifications do not give luminosity classifications or determinations of variability; and we cannot rule out binary companions on a scale smaller than the resolution of the available images.
Further observations of the individual stars are needed, therefore, to determine other possible sources of the identified excesses. Our study primarily demonstrates the utility of combining Spitzer surveys at 24 µm with 2MASS data for bright stars to accumulate a meaningful sample of Galactic stars with apparent 24 µm excesses. Such unbiased, statistical samples of untargeted field stars should prove useful to eventual understanding of debris disks associated with solar-like stars and to discovering other explanations of mid-infrared excess luminosity.
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